Neopterin is a useful indicator of the activation state of the cellular immune system, and an elevated level predicts prognosis in different types of tumors. The aim of this study was to evaluate serum neopterin levels if it is viable predictor for prognosis in breast carcinoma patients. Serum neopterin was investigated in 56 breast carcinoma patients, 16 patients with benign breast lesions and 16 healthy women as controls. Neopterin was measured by ELISA (Enzyme-linked immunosorbent assay). The clinicopathological parameters were determined by reviewing both medical charts and pathological records. All patients had been followed-up until September 2009 or death.The mean serum neopterin concentrations were 8.5 ± 5.2 nmol/L in patients with breast carcinoma, 6.5±3.1 nmol/L in patients with benign breast lesion and 8.1 ± 1.9 nmol/L in healthy volunteers (p>0.05). Elevated neopterin levels were significantly correlated with age, elevated serum CRP level, advanced stage and presence of the distant metastases (p<0.05). Overall survival was significantly shorter in patients with a serum neopterin level >10 nmol/L than patients with neopterin <10 nmol/L level (56 months vs. 76 months, p=0.011). Increased preoperative serum neopterin concentrations are associated with a poor prognosis in patients with breast carcinoma.
Introduction
Neopterin is a product of human monocytes/ macrophages stimulated by IFN-γ which is synthesized by the Th-1 cells. Neopterin plays a role as a sensitive marker of cell-mediated immunity and an indicator of systemic immune activation in patients with malignant disease. In various malignant tumors, autoimmune diseases, allograft rejection and viral infections alter the production of neopterin [1] [2] [3] [4] [5] [6] . Frequently, elevated serum and urine neopterin concentrations have positive correlation with the advanced tumor stage and poor prognosis in different tumors [6] [7] [8] [9] .
Breast cancer is the leading causes of death in women and one in ten women is affected by the disease [10] . The prognosis is related to tumor size, the presence of axillary lymph node metastasis, presence of metastatic disease in breast cancer patients. Most of the histopathological and clinical markers are provide to estimate the prognosis of the breast cancer. There are limited studies that investigate neopterin levels in breast carcinoma, but no study investigates the prediction of serum neopterin levels on prognosis. Murr and colleagues found an elevated neopterin level in the urine of 18% of patients with breast cancer [7] . Yildirim et al. has founded higher serum neopterin level in patients with metastatic breast cancer [11] .
The present study aimed to investigate whether serum neopterin level can be used as a significant marker to predict the prognosis in breast carcinoma.
Material and Methods
The study subjects consisted of 56 breast cancer patients; (age range, 20-81 years; median age, 50.6 years), 16 patients with benign breast lesion and 16 healthy female controls, age-and gender-matched volunteers. Patients with histological confirmed invasive ductal carcinoma of the breast underwent surgery between September 2002 to March 2005 and whose follow-up was completed was included in this study. Women with benign breast lesion like as fibroadenoma, fibrocytic diseases were included this study. The women who have infections, inflammatory or autoimmune diseases were excluded. The informed consent was obtained from all patients to accepted enrollment in the study.
We investigate the relationship between the serum neopterin concentrations and the clinicopathological features, disease free survival and overall survival in breast carcinoma patients.
The following variables were examined; patient's age, histological type, tumor size (≤ 2cm, 2-5cm, ≥ 5cm), lymph node metastasis, the number of lymph node metastases, the stage of tumor, histological grade, distant metastasis, local recurrence, hormonal status; estrogen and progesterone receptors, c-erbB-2, vessel or lymphatic invasion of tumor, having neoadjuvant chemotherapy and adjuvant chemotherapy and/or radiotherapy and preoperative serum concentrations of CEA, CA 15-3, IL-6, CRP and neopterin. All patients had been followed up until September 2009 or death. The survival analysis was done. The mean follow-up period was 54 ± 13 months (range: 14-78 months). Six (10.7%) patients were death among this study.
Blood samples
Peripheral venous blood samples were obtained from breast carcinoma patients, patients with benign breast diseases before surgery to determine the serum concentration of CRP, IL-6 and neopterin. Blood samples were centrifuged at 3,000 rpm for 5 min. The serum was removed and stored at -80°C until biochemical analysis.
Biochemical determination
The serum concentration of IL-6 was determined using an enzyme-linked immunosorbent assay (ELISA) kit (Bender MedSystems, Vienna, Austria), which was specific for the measurement of natural and recombinant human IL-6 in serum. The detection limit of the assay was 1 pg/ml, and levels >1.4 pg/ml were considered elevated. Neopterin concentrations were measured by ELISA according to the manufacturer's protocol (IBL, Hamburg, Germany). Serum CRP concentrations were measured by the nephelometric method (Dade Behring, Mannheim, Germany). A level lower than 5.0 was considered normal.
Statistical analysis
Statistical analyses were performed using the SPSS Advanced Statistics 10.0 software package (SPSS Inc., Chicago, IL, USA). The results are expressed as the mean ± SD. Differences between the neopterin positivity within groups were evaluated with the chi-square test. Relationships between clinicopathologic parameters and neopterin positivity were evaluated with the chi-square test, or when the sample size was small, Fisher's exact test. The Kruskal-Wallis and Mann-Whitney U-tests were used to evaluate differences among multiple groups. Nonparametric operating characteristic curves (ROC) were generated to calculate the neopterin cut-off values that affected survival. The probability of diseasefree survival (DFS) and overall survival (OVS) were analyzed using the Kaplan-Meier method. The Cox proportional hazards regression model was used for multivariate analysis after univariate analysis to define the relevant prognostic variables. A p value of <0.05 was considered as statistically significant.
Results

Serum neopterin and its relationship to clinicopathologic parameters
The clinicopathologic characteristics of the patients with breast carcinoma are shown in Table 1 . 46 (83.6%) patients had invasive ductal carcinoma, 5 (9.1%) had mix carcinoma (invasive ductal carcinoma + invasive lobulary carcinoma), 3 (5.5%) patients had invasive lobulary carcinoma and 1 (1.8%) patient had ductal carcinoma insitu. Modify radical mastectomy is performed to 53 (94.6%) patients, 3 (5.4 %) patients had breast conserving surgery. The mean serum neopterin concentrations were 8.5 ± 5.2 nmol/L in patients with breast carcinoma, 6.5±3.1 nmol/L in patients with benign breast lesion and 8.1 ± 1.9 nmol/L in healthy volunteers. No significant differences were observed among these three group (p>0.05).
Serum Neopterin concentration of 10 nmol/L is accepted as the upper normal limit in available literature [12, 13] . With this cut-off level, 14 (% 25) patients had elevated preoperative serum neopterin levels. Elevated neopterin levels were significantly correlated with age (p=0.04), elevated serum CRP level (p=0.01), advanced Table 1 . The relationship between clinicopathologic characteristics and neopterin levels in patients with breast carcinoma (n=56).
* All parameters couldn't have been studied in these patients
stage (p=0.01) and presence of the distant metastases (p=0.01). The patients died during the follow up period had higher incidence of elevated preoperative neopterin levels than the patients still alive (p=0.009). The mean neopterin concentration were increased in advanced age (p=0.03), patients with elevated CRP levels (p=0.007) and CA 15-3 levels elevated (p= 0.03), advanced stage (p=0.04) and with the patients died at follow up period (p=0.01). The mean neopterin level was higher in patients with preoperative metastasis, but it didn't show statistically significance (p=0.09) ( Table 2) .
Relationship between serum neopterin and DFS and OVS
Of 56 patients, 6 (10.7%) were death among this study. The mean follow-up period was 54 months, OVS was 54+/-13 months (range: 14-78 months) and DFS was 51±16 months (range: 0-78 months). Two (3.6%) patients had distant metastases at diagnosis. The levels of neopterin in metastatic patients were higher than the patients' with no metastatic disease (p=0.09). Nine (16%) patients had postoperative metastases. The patients who were dead at follow-up have significantly higher mean preoperative neopterin levels than those who did not (p= 0.01). Based on a univariate proportional hazards analysis, advanced size of tumor, advanced age, advanced stage, presence of distant metastasis, absence of estrogen receptor and elevated serum neopterin levels were associated with poor prognosis (p<0.05). OVS was significantly shorter in patients with a serum neopterin level >10 nmol/L than patients with neopterin <10 nmol/L level (56 months vs. 76 months, p=0.01) (Figure 1) . In multivariate analysis, only the stage was significant indicators of survival (Table 3) .
Stage, presence of distant metastases, presence of estrogen receptor and age were factors affecting DFS. Neopterin did not predict DFS in univariant analysis. Table 3 . Multivariate proportional hazards models of prognosis in patients with breast carcinoma. 
Mean neopterin levels (nmol/L)
HR, hazard ratio
Discussion
Neopterin is synthesized and released from the activated human macrophages by the IFN-γ as part of the human cellular immunity. Elevated serum neopterin concentration has been demonstrated in a wide of diseases which human host-immune system is known to play role such as autoimmune disorders, infections, malignancy and post-transplant rejections.
Increased neopterin levels were found as a prognostic marker for tumor progression and development of metastasis and mortality in various malignant diseases such as gynecological malignancies, adenocarcinoma of the colon and breast cancer [8, 9, 14, 15] . However, no study had been evaluated the prognostic significance of preoperative serum neopterin levels in patients with breast carcinoma. Murr et al found that 18% of the patients with breast cancer had increased urinary neopterin and urinary neopterin levels were highly significant predictor of survival [7] . Yildirim et al. evaluated the serum neopterin levels in breast cancer and they found higher serum neopterin levels in patients with breast cancer than in healthy controls. Serum neopterin levels were similar in the patients with primary breast cancer without metastasis and in controls, but the serum neopterin levels in the patients with metastatic diseases were statistically significantly higher than other groups [11] . It had been demonstrated that urinary neopterin levels had higher in menopausal breast cancer patients than menopausal healthy women [16] . Although Girgin et al had demonstrated that neopterin levels were significantly higher in malignant breast disease than in patients with benign breast diseases [17] ; in our study serum neopterin levels has not show any statistically significant difference between the patients, controls and proliferative diseases. However, its level has been correlated with age, presence of metastatic disease, TNM stage, CA 15-3 level and CRP level. The patients having preoperative metastases and the patients died during the follow up period had elevated preoperative neopterin levels.
Neopterin levels were higher in patients who were older than 50 years than in younger patients in our study. Bayram et al have also founded that neopterin levels in menopausal women higher than premenopausal women's [16] . It may have resulted from co-morbid diseases such as atherosclerosis, malnutrition or chronic obstructive pulmonary diseases that led to chronic immune activation [12, 18] . Melicharova et al. has demonstrated that presence of two or more comorbid conditions and older age than 70 years resulting in significantly increased urinary neopterin levels in breast carcinoma patients [19] .
In the present study serum CRP and IL-6 levels, were also evaluated as the pro-inflammatory parameters in breast cancer. Serum neopterin levels were correlated with these parameters, it is statistically significant with CRP but not IL-6. Neopterin has been shown to correlate with serum concentration of C-reactive protein in renal cell carcinoma [20] . The synthesis of C-reactive protein is induced by IL-6. Administration of recombinant human IL-6 was also shown to increase neopterin concentration in patients with metastatic RCC [21] .
In the study by Murr and colleagues [7] urinary neopterin levels did not correlate with tumor size or lymph node status of patients who had a primary malignant tumor of breast. In our study, the neopterin level was independent of tumor burden nor axillaries lymph node status or receptor status correlate with neopterin level.
In many malignancies elevation of neopterin correlates with the stage of the neoplastic process [6, 7] . In our study, the number of patients with elevated neopterin levels increased in advanced stage. The mean neopterin levels were also high in patient with metastatic diseases. The causes underlying an increased neopterin biosynthesis have not fully determined.
Neopterin is a marker of immune function but also reflects the prognosis of carcinoma, and increased neopterin concentrations are associated with a poor prognosis. We found that age, CRP levels, distant metastatic disease, TNM stage, tumor size and the serum neopterin levels predict the survival. We may explain the relationship between the survival and the neopterin concentrations by the human host immune response is stronger against to the aggressive tumors. If the immune system is unable to eliminate malignant tumors cells, activation of the immune system may persist and lead to chronic macrophage activation so we detect highly serum neopterin levels in advanced malignant patients.
There are some mechanisms that we can explain how neopterin affects prognosis in carcinoma. Increased neopterin concentration seems to be an indicator of increased oxidative stress in humans [22] . Experiments have shown that neopterin is capable to enhance the oxidative potential of reactive oxygen species (ROS) produced from immune competent cells [22] [23] [24] . Reactive oxygen species have been implicated in the initiation and promotion of carcinogenesis, and direct effect on growth factors and other signaling pathways of both antioxidants and oxidants have been demonstrated [25] Therefore, the prognostic value of higher neopterin concentration to predict disease progression and death in malignant diseases could be related to the capacity of neopterin derivatives to induce ROS and oncogene expression [26] .
Neopterin and TNF-α stimulate İNOS gene expression and NO production in vascular smooth muscle cell [27, 28] . NO produced by macrophages can mediate antibacterial and antitumor function; however, chronic induction of NO and NO synthesis may contribute too many pathologic processes, including inflammation and cancer [29, 30] . Nakamura et all demonstrated that nitric oxide induces VEGF-C expression in vitro and in vivo [31] . Increased NO generation in cancer cells may contribute to tumor angiogenesis by up-regulating vascular endothelial growth factor and VEGF-induced revascularization may increase the tumor metastatic ability [32] . Therefore, neopterin secreted from the inflammatory cells, may play a critical role in mediating recruited lymphangiogenesis and angiogenesis most likely through the secretion of several cytokines such as NO.
As a conclusion, high levels of the immune activation marker neopterin at the diagnosis of breast carcinoma indicate a poor prognosis. Serum neopterin detection in breast carcinoma is easily done and gives important and valuable prognostic information before surgical intervention is performed.
